(B) BNG with in-gel complex I activity in isolated mitochondria (n=3). (C-E) Fold changes ±SEM of Complex I (rotenone sensitive), CII, CIV and citrate synthase (CS) enzyme activities in cKO (black bars; n=6) sub-mitochondrial particles compared to CON (white bars; n=3) (D) Fold changes ±SEM of Complex I enzymatic activity in global heterozygous (Het) and global KO sub-mitochondrial particles compared to CON and (E) mitochondrial State 3 respiration in permeabilized cardiac fibers. Pyruvate + malate was used as complex I substrate in the presence of ADP, then succinate was added to establish complex I + complex II (CI+CII) respiration and finally rotenone was added to block complex I and set complex II (CII) respiration (Mean ±SEM; n=3 per group). (A-C) Phosphocreatine (PCr), ATP, and inorganic phosphate (Pi) measured by 31 P NMR spectroscopy in isolated hearts perfused with glucose-pyruvate buffer during normal workload and dobutamine challenge conditions. (D) Intracellular pH calculated from the chemical shift between PCr and Pi in isolated hearts perfused with glucose-pyruvate buffer during normal workload and dobutamine challenge conditions. (E-G) Left ventricular developed pressure (LVDevP), heart rate (HR), and rate-pressure product (RPP), the product of LVDevP and HR, measured in isolated hearts perfused with glucose-pyruvate buffer during normal workload and dobutamine challenge conditions. (H) Coronary flow, estimated by collecting the perfusate effluent over a 2-minute period, in Langendorff heart preparations during normal workload and dobutamine challenge conditions (n=4). (C) SIRT2 deacetylase activity assay using 3 mM of NAD + and 0-9 mM of NADH. (D and E) Representative western blot and (E) quantitation graph for acetylated lysine residues in cardiac mitochondrial extracts from female mice after 6 gestation cycles (n=4 per group). Data are expressed as means ±SEM. *P<0.05 vs CON. (F) SIRT3, SIRT4 and SIRT5 protein expression in CON and cKO hearts. CYPD and SDHA were used as loading controls. (G) SIRT3-5 deacetylase activity assay. (H) Acetylated mitochondrial proteins were immunoprecipitated with an anti-Ac-K antibody and then blotted for SOD2, NDUFA9 and SDHA using specific antibodies. 
Gene
Forward Reverse
The mRNA expression levels of mitochondrial genes were examined by Real-time PCR using the primer pairs with the sequences below.
Supplemental Experimental Procedures
Isolated Perfused Mouse Heart Preparation and 31 P NMR Spectroscopy Excised mouse hearts were perfused at a constant pressure of 80 mm Hg with a modified Krebs Henseleit (KH) buffer consisting of (mM): 118 NaCl, 25 NaHCO 3 , 5.3 KCl, 2.0 CaCl 2 , 1.2 MgSO 4 , 0.5 EDTA, equilibrated with 95% O 2 and 5% CO 2 (pH 7.4). The KH buffer was enriched with either 5.5 mM glucose and 0.5mM pyruvate (i.e., glucose pyruvate (GP) buffer) or 5.5 mM glucose, 0.4 mM mixed long chain fatty acids (bound to 1.2% bovine serum albumin), 1.2 mM lactate, and 50 μU/ml insulin (i.e., mixed substrate buffer). Temperature was maintained at 37.5°C throughout the experimental protocol. After 15 min of equilibration, baseline function was monitored for 10 minutes at a fixed end diastolic pressure (EDP) of 8-10 mm Hg. After baseline, dobutamine (DOB) was administered via an infusion pump set at 5% of the coronary flow at a final concentration of 300 nM for 20 min. Dynamic changes in high-energy phosphate content, phosphocreatine (PCr), ATP, and inorganic phosphate (Pi), were monitored using 31 P NMR spectroscopy simultaneously with continuous recording of LV function via a data acquisition system (PowerLab, ADInstruments, Colorado Springs, CO) during the entire perfusion protocol.
31
P NMR spectra were acquired on a 14T magnet interfaced with an Avance III console and TopSpin V2.1 software (Bruker Biospin, Billerica, MA). Spectra were obtained by averaging 120 free-induction decays (FID) over a time period of 5 minutes at a pulse angle of 60°, acquisition time of 0.4 sec, and recycle time of 2.14 sec. Frequencydomain NMR spectra were obtained by Fourier transformation of the FIDs and analyzed using 20 Hz exponential multiplication and zero and first order phase corrections. The average of γ-and β-ATP peak areas obtained at baseline was set to 100% and used as the reference value for all peaks in the 31 P NMR spectra. Intracellular pH was determined by comparison of the chemical shift of inorganic phosphorous and PCr.
RNA Isolation, Real-Time PCR, and Microarray Analysis
Total RNA was isolated from frozen LV tissue using the RNeasy Kit (Qiagen), and cDNA was synthesized using Omniscript reverse synthase and random hexamers according to manufactures guidelines. Real Time PCR was performed using SYBR green (Bio-Rad). The primers are described in the Online Table 1 . The Real Time PCR results for the mRNA levels of each gene were normalized to 18S rRNA levels. The Affimetrix Mouse Gene 1.0 ST Array was used for microarray analysis.
Immunoblot and Immunoprecipitation
Frozen myocardial tissue or isolated mitochondria were homogenized with the RIPA lysis buffer, and 5-10 μg of protein per sample were separated by 10% SDS-PAGE. The protein levels were detected using commercial antibodies from Mitosciences. For immunoprecipitation (IP) mitochondria from control and cKO hearts were lysed with RIPA buffer and dilute with IP buffer containing 50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% NP-40, 10 mM nicotinamide, 1 uM trichostatin A. Prewashed anti-acetyllysine antibody agarose (Immunechem) was then added and incubate overnight at four degree. Agarose pellet was washed with IP buffer for three times and the bound proteins were released by SDS loading buffer for WB analysis. NDUFA9 and SDHA antibodies were from Mitosciences, SOD2 from from Abcam and the anti-Ac-K antibody from Cell signaling.
Electron Microscopy
Mitochondrial ultrastructure was studied in freshly collected samples from the apex of the mouse hearts by electron microscopy. Samples were dissected in 1-2 mm 3 sections and immediately fixed with 2% glutaraldehyde, postfixed with 1% osmium tetroxide, and embedded in epon resin. Mitochondrial number was counted in total of 10 images (at x10000 magnification) in 2 hearts per group. Data were expressed as fold changes relative to control.
Histological Analysis
For histological analysis hearts were perfusion fixed in 10% formalin. To determine apoptosis we used a TUNEL staining kit (Promega) according to the manufacturer's instructions. Wheat Germ Aggluntinin (WGA) was used to assess myocyte size and Masson's Trichrome to assess fibrosis.
Polarography Assays
Pyruvate and malate were used as the electron donors to complex I in the presence of ADP. Succinate was next added to measure complex I and II supported respiration and rotenone was added next to inhibit complex I and measure complex II supported respiration. Antimycin A was added last to measure the residual oxygen consumption not accounted by the electron transfer chain and it was subtracted from the previous measurements.
Blue Native Gel Electrophoresis and Complex I In-Gel Activity Staining
BNGs were loaded with 250 μg of mitochondrial protein, and subjected to membrane solubilization. n-Dodecyl-b-D-maltoside was used with a detergent/protein mass ratio of 3/1. The solubilization was performed at 20°C for 10 min, followed by centrifugation at 15,000 x g at 4°C for 20 min. After centrifugation, supernatants were collected and Coomassie Blue G-250 was added to the supernatants to obtain a dye/detergent mass ratio of 8/1 before loading onto a 3.5-11% non-denaturing polyacrylamide gel. The gels were run at 100V for 1 hr then at 300V for the remainder. When the dye reached onethird of the gel, the first cathode buffer was replaced by the second cathode buffer that contained a 10-fold dilution of Coomassie Blue G-250. Complex I in-gel activity was visualized by incubating the gel with 0.5mM nitro blue tetrazolium and 5mM NADH in 50mM Tris-HCl, pH 7.4, at 37°C for 45 min.
In Vitro Sirtuin Activities Assay
The activities of recombinant Sirt3, 4, and 5 were determined as described in assay kit from Cayman.
Exercise Protocol CON and cKO mice were randomly assigned to the sedentary control group or the swimming exercise group. Mice in the swimming group (n=10/group) were subjected to swim exercise in a 30-cm deep water tank with a swimming area of 60cm 2 . Mice swam twice daily, starting with 30 minutes per bout and increasing by 10 minutes per bout daily until they reached 90 minutes per bout (a total of 180 minutes daily) for a total period of 4 weeks. The water temperature was maintained at 30±2°C and circulated in order to create a current that forced the mice to swim. The sedentary mice were brought to the lab but not subjected to exercise.
Overexpression of Sirt3 and Assessment of mPTP Sensitivity in the Intact Cardiomyocytes
Determination of mPTP sensitivity in intact myocytes followed previously reported method (Zorov et al., 2000) . Briefly, adult cardiomyocytes from CON or cKO groups were enzymatically isolated and cultured for two days (Kabaeva et al., 2008) . Adv-Sirt3 was added at the beginning of the culture at an MOI of 300. Cultured cardiomyocytes were loaded with TMRM (20 nM), a mitochondrial membrane potential indicator, for 30 min at room temperature. Confocal linescan (x, t) images were taken by exciting the cell at 543 nm and collecting the emission at >560 nm. A slow scan speed (35 ms per line) was applied to induce the mPTP opening, which is reflected by the sudden loss of TMRM signal from the mitochondria. The time from the start of scan to the complete loss of TMRM signal was calculated as the mPTP time. A shorter mPTP time indicate the pore is more sensitive to laser-induced opening.
Transverse Aortic Constriction Surgery and Echocardiography
Male mice (3-4 months old) underwent transverse aortic constriction (TAC) or sham surgery, using protocols approved by the University of Washington Animal Care and Use Committee. In brief, mice were anesthetized with an injection of sodium pentobarbital (75 mg/Kg) the aorta was exposed via a left thoracotomy and a constriction was created using a 7-0 ligature around the vessel and tied against a 27-gauge blunt needle. Sham surgeries were performed as above without performing the constriction of the aorta. Cardiac echocardiography was performed using the VEVO 770 system equipped with a 707B scan head. All measurements were averaged for six consecutive cardiac cycles and carried out in a blind fashion.
